Introduction
The evaluation of fetal wellbeing has been a major concern for many years. Several methods, i. e. fetal heart rate monitoring [11, 21, 24, 25] , scalp blood pH monitoring [18, 48, 54, 55, 67] , continuous pH monitoring [29, 30,] , continuous P O2 monitoring [27] , sub partu EEC recording [12] have been developed to recognize a threatening intrapartum asphyxia. The APGAR score [2] was the first very useful attempt to assess the state of adaptation of a newborn baby. Over the past 20 years biochemical parameters such as blood gases, acid-base balance and lactic acid [7, 14, 18, 23, 28, 34, 38, 54, 65] have been studied. During these past few years many hopes have been placed on the routine umbilical arterial blood pH determination (pH a .umb.)
as a mean of assessing fetal asphyxia [5, 7, 14, 23, 28, 34, 50] . Causes of neonatal acidosis have been studied by several authors [3, 6, 32, 33, 40, 41, 49, 59 ]. Adaptational problems and higher morbidity in the early neonatal period have been found to be related to a low pH a umb [23, 28, 34, 65] . The aim of this study was to examine the long term outcome of acidotic babies at birth and to determine the relationship of acidosis to perinatal risk factors. 
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Patients and methods
During a 16-month period 1922 deliveries were performed at the Department of Obstetrics of the University Hospital of Lausanne (CHUV), Switzerland. 1911 pH measurements were done and blood samples could not be obtained for technical reasons in 11 deliveries. Seven babies with a P^Lumb. < 7.15 were excluded because of trisomy, congenital malformations, congenital infections or extreme prematurity (< 28 weeks gestational age). 1904 deliveries were included in this study. Acidosis was defined as a pH^^. < 7.15 [35] . Blood for gas analysis was obtained by arterial punction of the umbilical cord immediately after delivery. The measurements were done by an ABL 1 apparatus (RADIOMETER, Copenhague). The obstetrical data were extracted from standardized charts. Fetal heart patterns could be recorded in 83% of the acidotic infants, to be reviewed by one of us (J. P.M.) and classified according to the HAMMACHER score [21] . Prolonged rupture of the membranes was defined as a minimal delay of 12 hours between rupture and delivery. Cord complications included cord around neck, cord around the body, short cord and true knot. Asphyxia was defined as an APGAR score < 4 at 1 minute. APGAR scoring was done by mid wives in uneventful deliveries or by pediatricians in all other cases. Gestational age was assessed according to DUBOWITZ scoring [16] and to obstetrical data. All babies were routinely examined by a pediatrician during the first 24 hours, then between day 5 and 7 according to a standardized protocol. The follow up was performed by pediatricians using the DENVER DEVELOPMENTAL SCREENING TEST [19] . Minimal frequency of controls was 5 times during the first year of life and 2 times during the second year. Tone abnormalities during the first week of life were defined as hypotonia with or without apathy and hypertonia with or without irritability. Major neurological complications in the first week of life included convulsions, absence of primitive reflexes and severe hypo-or hypertonia. The significance of statistical differences was studied by the X 2 -test (four-fold in Tab. III. The pH was 7.11 for HAMMACHER scores of 0-2 and 3^4, as opposed to 7.02 for 5-6 scores. Out of 121 acidotic infants, 13 (10.7%) had an APGAR score < 4 at 1 minute as compared to 22 (1.2%) of 1783 with a pHa. umb . > 7.15. The difference is significant (p < 0.001) (Tab. IV). The follow up study refers only to these infants who were acidotic at birth (pH a<um b. < 7.15). Follow up time ranged from 6 through 25 months (mean 15.0 months). Of 121 acidotic babies. (pH a .umb. < 7-15), 23 infants were lost for follow up or followed up for less than 6 months. The neurological outcome for the first week of life is summarized in Tab.V. Eighty babies (81.6%) were neurologically normal. Sixteen infants (16.4%) showed tone abnormalities, of whom all but two fully recovered within one week. Two (2.0%) infants developed major neurological problems: The first baby was born after prolonged Dip II decelerations and displayed clinical signs of severe asphyxia (APGAR score of 3/6/ -) as well as a pH a .umb. °f 6.90. The second delivery was complicated by maternal anaphylactic shock on a spasmolytic drug and required major resuscitation manoeuvres. The baby was delivered by cesarean small birth weights [65] , by older maternal age be segregated into neurologically symptomatic or. [40] , and by prolonged second stage of labor ~ asymptomatic on the basis of acid-base characteris- [23, 40] . Altered placental perfusion [20, 49] and tics. LlTSCHGI [34] found a greater incidence of impaired feto-placental circulation [3, 52, 62] are infants suspect of having brain damage among the common basic mechanisms leading to the those with a lower pH aeUm b.. The long term outaccumulation of CO 2 and nonvolatile acids in the come of clinically asphyxiated babies has been fetus. Relative maternal acidosis due to acid local studied by many authors [5, 15, 37, 46, 47, 63] . anesthetics and/or a prolonged second stage of Little is known, however, about the influence of labor [49] might be partly responsible for a neonatal acidosis. LORENZ [36] presented recently "transfusional acidosis" [50] . However, there is a study similar to ours. However, his data are not usually only a ΔρΗ gradient of 0.1 between the yet published. mother and the fetus. Even in this selected popula-In our population of 98 acidotic babies, two tion pH^umb. is markedly lower in infants whose infants have severe neurological sequalae (CP). HAMMACHER scores are greater than 4. The direct They both presented with severe intrauterine correlation between the HAMMACHER score and asphyxia, extreme perinatal acidosis the pH^u mbt has well been proven in other more (pH a . umb . = 6.58 and 6.90) and adaptational probcomprehensive studies [35] .
lems followed by early and severe neurologic comThis study demonstrates that the incidence of plications. The fact that the rate of glycolysis falls clinical asphyxia is greater in infants whose arterial Progressively with a decreasing pH and ceases cord blood pH is less than 7.15. Other authors altogether at a pH of 6.9 [48] could, at least have studied this relationship and found com-P artl y> account for irreversible brain damage. The parable results [7, 14, 28, 34, 50] . They, too, % ™ fani * who eventually displayed a normal found a number of discordant values, i. e. acidotic psycho-motor development had all a babies with a normal APGAR score or asphyxiated P H a.umb. > 6.90. Our study gives no clues as to the babies with a normal ρΗ^υ πιΐ5 .. Their interprets cause of minor transient neurologic problems that tion was, however, quite different: PONTONNIER occuredin 18.4% of these infants. [50] ascribed neonatal acidosis with a good APGAR score in most case to "transfusional 5 Conclusions acidosis"; on the other hand he attributed whether it be associated with intrapartum neonatal depression to the effect of maternal asphyxia, with severe adaptational problems or anesthesia. VoiGT [65] considered the measure-w i t h e arly m d persistent neurologic problems ment of the ρΗ^υ πι1χ to be more reliable a para-perinatal acidosis has a poor prognosis. However, meter since the assessment of the APGAR score is perinatal acidosis with a pVL^umb. between 6.91 influenced by subjective factors. We believe that and 7.15, not associated with severe perinatal acute acidosis due to the predisposing mechanisms asphyxia (documented by CTG or APGAR score) studied earlier in this paper does not necessarily influ-an( j not followed by early major neurologic comence neontatal adaptation and that it could explain plications, has a good prognosis. One or several discrepance between pH a . umb . and APGAR score. predisposing factors might be responsible for the When considering early developmental outcome, perinatal acidosis in these cases. A number of such 81.6% of babies were found to be neurologically infants present with varied minor and transient normal. 16A % showed minor neurological prob-neurologic problems during their first year of life, lems, and 2.0% severe neurological complications. Therefore, while pH a . umb . -except perhaps in Other authors have studied the perinatal acidosis extremely low values -cannot be taken alone as a as it relates to early neurological outcome. LOW prognostic factor for the long term outcome, the [37] found that severe cerebral symptoms in new-measurement of the pH^u m^ should be performed born infants were often associated with more and evaluated in association with fetal heart rate severe metabolic acidosis at birth. In this study, monitoring and APGAR scoring to assess the wellhowever, clinically asphyxiated infants could not being of the fetus and newborn infant.
Summary
Subpartal and neonatal blood gas analyses have attracted increasing interest during the past 20 years. Different studies have been carried out to investigate the causes and immediate consequences of perinatal acidosis. It was the aim of this study to examine the long term outcome of acidotic-born babies. During 16 consecutive months all deliveries in the Obstetric Department of the Centre Hospitalier Universitaire Vaudois (CHUV) were investigated with regard to incidence and causes of a perinatal acidosis (pHa.umb. < 7 · 15 )· T* 16 psycho-motor development of all acidotic newborns was followed up for an average of 15 months. Out of 1922 deliveries a blood sample was available in all but 11 cases (0.57%). Seven newborns were excluded from the study on the assumption that their acidosis and outcome might be related to the underlying condition (congenital malformation and infection, extreme prematurity) rather than perinatal events. From the remaining 1904 deliveries 6.4% (N = 121) had a P H a.umb. < 7.15 (Tab. I). The incidence of certain perinatal factors was compared in the acidotic and the non acidotic groups (Tab. II). The percentage of acidotic newborns is significantly higher in primipareae, in deliveries done on peridural analgesia in cord complications and premature rupture of the membranes, and in forceps deliveries. No difference could be found with regard to multiple pregnancies, meconiumstained amniotic fluid, cesarean sections, prematurity of 28-37 weeks, and sex. The relationship between CTG score and pH a um b e is summarized in Tab. III. The -percentage of APGAR score < 4 at 1 minute is significantly higher in infants with a pH a um b <7. 15 compared to those with a pH a ; u mb>7.15(Tab.IV).
During the first week of life 81.6% of all babies had a normal neurological assessment, 16.4 % had minor neurological problems and 2.0 % had severe neurological complications (Tab.V). The latter had significantly worse values for CTG scores, pH a . um b. and APGAR scores; although 98% of infants had a normal psycho-motor development in the long term, 18.4% exhibited minor transient troubles, predominantly of muscle tone maturation. Two percent of all infants showed cerebral palsy and mental retardation (Tab. VI). The discordance between APGAR score and pH a . um b. can, at least partly, be explained by the above demonstrated predisposing factors. No data can be found in the literature about the long term outcome of acidotic-born babies. The 2 infants with cerebral palsy observed in our study had severe perinatal complications, so that their neurological problems cannot be satisfactorily explained by the neonatal acidosis alone. Therefore, the pH a . um b. -except perhaps in extremely low values -cannot be taken alone as a predicitve factor for the long term outcome. It still retains, however, its value in the assessment of the health of the newborn, together with other perinatal parameters such as CTG and APGAR score.
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